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(54) INTAKE AIR QUANTITY COMPUTING DEVICE AND INTAKE AIR PRESSURE COMPUTING DEVICE 

(57)Abstract: ^^i^' 
PROBLEM TO BE SOLVED: To provide an intake air quantity |>. ; . ^ | 

computing device capable of enhancing accuracy in computing an 
intake air quantity, and to provide an intake air pressure computing 

device capable of enhancing accuracy in computing an intake air W - * - si. 

pipe pressure. ^ 
SOLUTION: An intake air pipe pressure PO is computed from the 
sum of an air quantity QAO passing through a throttle which is q 
computed based on at least a throttle opening and a purge flow QP 
flowing in an intake air pipe from a purge passage, and an intake air 
pipe pressure P3 is computed from an intake air quantity OA based 
on the output of an air flow meter. An intake air quantity sucked ^ g ^ 

into an engine is computed based on those intake air pipe pressure 
PO and intake air pipe pressure P3. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the inhalation air content calculation equipment which computes the inhalation air content inhaled 
by the internal combustion engine A first pressure-of-induction-pipe force calculation means to compute the 
first pressure-of-induction-pipe force based on the sum of the throttle passage air content calculated based on a 
throttle opening at least, and the air content which flows into an inlet pipe fi*om paths other than the path 
through a throttle valve, A second pressure-of-induction-pipe force calculation means to compute the second 
pressure-of-induction-pipe force based on the output of an air flow meter. Inhalation air content calculation 
equipment characterized by having an inhalation air content calculation means to compute the inhalation air 
content inhaled by said intemal combustion engine based on said first pressure-of-induction-pipe force and said 
second pressure-of-induction-pipe force. 

[Claim 2] Said first pressure-of-induction-pipe force calculation means is inhalation air content calculation 
equipment according to claim 1 characterized by computing said first pressxire-of-induction-pipe force based on 
the sum of said throttle passage air content and the purge flow rate which flows into said inlet pipe through a 
purge path. 

[Claim 3] Said first pressure-of-induction-pipe force calculation means is inhalation air content calculation 
equipment according to claim 1 characterized by computing said first pressure-of-induction-pipe force based on 
the sum of said throttle passage air content and the exhaust gas inflow which flows into said inlet pipe through 
an exhaust gas recirculation path. 

[Claim 4] In the intake-pressure calculation equipment which computes the pressure of the inlet pipe connected 
to an intemal combustion engine A first pressure-of-induction-pipe force calculation means to compute the first 
pressure-of-induction-pipe force based on the sum of the throttle passage air content calculated based on a 
throttle opening at least, and the air content which flows into an inlet pipe fi-om paths other than the path 
through a throttle valve. Intake-pressure calculation equipment characterized by having a second pressure-of- 
induction-pipe force calculation means to compute the second pressure-of-induction-pipe force based on the 
output of an air flow meter, and an intake-pressure calculation means to compute the pressure of said inlet pipe 
based on said first pressure-of-induction-pipe force and said second pressure-of-induction-pipe force. 
[Claim 5] Said first pressure-of-induction-pipe force calculation means is intake-pressure calculation equipment 
according to claim 4 characterized by computing said first pressure-of-induction-pipe force based on the sum of 
said throttle passage air content and the purge flow rate which flows into said inlet pipe through a purge path. 
[Claim 6] Said first pressure-of-induction-pipe force calculation means is intake-pressure calculation equipment 
according to claim 4 characterized by computing said first pressure-of-induction-pipe force based on the sum of 
said throttle passage air content and the exhaust gas inflow which flows into said inlet pipe through an exhaust 
gas recirculation path. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the intake-pressure calculation equipment which computes the 
intake pressure of the inlet pipe connected to the inhalation air content calculation equipment and the intemal 
combustion engine which compute the air content inhaled by the intemal combustion engine. 
[0002] 

[Description of the Prior Art] The 2nd variation per unit time amount is computed from the throttle passage air 
content which computed the 1st variation per unit time amount, calculated, and was acquired from the measured 
inhalation air content, and the engine control system which measures the 1st variation and 2nd variation and 
amends a cylinder inflow air content is known so that it may be conventionally indicated by JP,9-1 58762,A as 
equipment which computes the air content inhaled by the intemal combustion engine. This engine control 
system tends to cancel the delay of a control system by measuring the 1st variation and 2nd variation and 
amending a cylinder inflow air content. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if it is in the equipment mentioned above, since all the air 
that flows into a cylinder computes a cylinder inflow air content in the premise of passing a throttle, a cylinder 
inflow air content may be uncomputable to accuracy. For example, there is a possibility that an exact inflow air 
content can be computed neither by a purge nor EGR by producing an error in a cylinder inflow air content, £md 
originating in it when a throttle valve is not passed but there is air unification from other paths. 
[0004] Then, this invention is made in order to solve such a technical technical problem, and it aims at offering 
the intake-pressure calculation equipment which can aim at improvement in the inhalation air content 
calculation equipment which can aim at improvement in the calculation precision of an inhalation air content, 
and the calculation precision of an intake pressure. 
[0005] 

[Means for Solving the Problem] Namely, the inhalation air content calculation equipment conceming this 
invention In the inhalation air content calculation equipment which computes the inhalation air content inhaled 
by the intemal combustion engine A first pressure-of-induction-pipe force calculation means to compute the 
first pressure-of-induction-pipe force based on the sum of the throttle passage air content calculated based on a 
throttle opening at least, and the air content which flows into an inlet pipe from paths other than the path 
through a throttle valve, It is characterized by having a second pressure-of-induction-pipe force calculation 
means to compute the second pressure-of-induction-pipe force based on the output of an air flow meter, and an 
inhalation air content calculation means to compute the inhalation air content inhaled by the intemal 
combustion engine based on the first pressure-of-induction-pipe force and the second pressxire-of-induction- 
pipe force. 

[0006] Moreover, the inhalation air content calculation equipment conceming this invention is characterized by 
the above-mentioned first pressure-of-induction-pipe force calculation means computing the first pressure-of- 
induction-pipe force based on the sum of a throttle passage air content and the purge flow rate which flows into 
an inlet pipe through a purge path. 

[0007] Moreover, the inhalation air content calculation equipment conceming this invention is characterized by 
the above-mentioned first pressvire-of-induction-pipe force calculation means computing the first pressure-of- 
induction-pipe force based on the sum of a throttle passage air content and the exhaust gas inflow which flows 
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into an inlet pipe through an exhaust gas recirculation path. 

[0008] Moreover, the intake-pressure calculation equipment concerning this invention is set to the intake- 
pressure calculation equipment which computes the pressure of the inlet pipe connected to an internal 
combustion engine. A first pressure-of-induction-pipe force calculation means to compute the first pressure-of- 
induction-pipe force based on the sum of the throttle passage air content calculated based on a throttle opening 
at least, and the air content which flows into an inlet pipe from paths other than the path through a throttle 
valve. It is characterized by having a second pressure-of-induction-pipe force calculation means to compute the 
second pressure-of-induction-pipe force based on the output of an air flow meter, and an intake-pressure 
calculation means to compute the pressure of an inlet pipe based on the first pressure-of-induction-pipe force 
and the second pressure-of-induction-pipe force. 

[0009] Moreover, the intake-pressure calculation equipment concerning this invention is characterized by the 
above-mentioned first pressure-of-induction-pipe force calculation means computing the first pressure-of- 
induction-pipe force based on the sum of a throttle passage air content and the purge flow rate which flows into 
an inlet pipe through a purge path. 

[0010] Moreover, the intake-pressure calculation equipment concerning this invention is characterized by the 
above-mentioned first pressure-of-induction-pipe force calculation means computing the first pressure-of- 
induction-pipe force based on the sum of a throttle passage air content and the exhaust gas inflow which flows 
into an inlet pipe through an exhaust gas recirculation path. 

[001 1] According to these invention, inhalation air contents including the unification air which does not pass a 
throttle valve but flows into an intemal combustion engine through a purge path etc. are computed. For this 
reason, even when there is inhalation air which flows into an intemal combustion engine, without passing a 
throttle valve, an inhalation air content or the pressure-of-induction-pipe force can compute to accuracy. 
[0012] Moreover, the ** which does not add an air flow meter output with response delay, a purge flow rate 
without response delay, etc. directly, By computing the pressure-of-induction-pipe force by using an air flow 
meter output, a purge flow rate, etc. according to an individual, and computing an inhalation air content or the 
pressure-of-induction-pipe force based on each pressure-of-induction-pipe force It becomes computable [ an 
exact inhalation air content or the pressure-of-induction-pipe force ], without including the error based on the 
mismatching of an air flow meter output with response delay, a purge flow rate without response delay, etc. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to an accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the 
same element, and the overlapping explanation is omitted. 

[0014] (The first operation gestalt) The explanatory view of the inhalation air content calculation equipment 
concerning starting this operation gestalt at drawing 1 is shown. 

[0015] As shown in this Fig., inhalation air content calculation equipment is equipment which computes the 
inhalation air content inhaled in the cylinder of the engine 2 which is an intemal combustion engine. It had the 
adjustable valve gear and the engine 2 set as the object of inhalation air content calculation is equipped with the 
adjustable valve timing device 5 in which the closing motion timing of an inlet valve 3 and an exhaust valve 4 is 
changed as an adjustable valve gear. It connects with ECU6 electrically, and the adjustable valve timing device 
5 operates based on the control signal outputted fi-om ECU6, and outputs the detecting signal about valve timing 
to ECU6 through the detection sensors 7, such as a cam position sensor. 

[0016] The crank position sensor 12 is formed in the engine 2. The crank position sensor 12 is a sensor which 
detects an engine speed, and it connects with ECU6 and it outputs a pair necropsy appearance signal to ECU6. 
[0017] The injector 9 which injects a fuel is formed in the combustion chamber 8 at die engine 2. An injector 9 
is a fuel-injection means to supply a fuel to a combustion chamber 8, and is installed every cylinder 10 with 
which an engine 2 is equipped. The combustion chamber 8 is formed above the piston 1 1 arranged in the 
cylinder 10. The inlet valve 3 and the exhaust valve 4 are arranged in the upper part of a combustion chamber 8. 

[0018] The inlet pipe 20 which consists of an intake manifold, a surge tank, etc. is connected to the upstream of 
an inlet valve 3. The throttle valve 23 is formed in the middle of the inlet pipe 20. A throttle valve 23 operates 
based on the control signal of ECU6. The throttle opening of a throttle valve 23 is detected by the throttle 
position sensor 24, and is inputted into ECU6. 
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[0019] The air cleaner 22 is installed in the upper part of the throttle valve 23 of an inlet pipe 20. Moreover, the 
air flow meter 25 is formed in the down-stream location of £in air cleaner 22. An air flow meter 25 is an 
inhalation air content detection means to detect an inhalation air content. The detecting signal of an air flow 
meter 25 is inputted into ECU6. 

[0020] ECU6 controls the whole equipment of inhalation air content calculation equipment 10, and the 
computer containing CPU, ROM, and RAM is constituted as a subject. The various control routines which 
contain an inhalation air content prediction routine in ROM are memorized. 

[0021 ] The purge path 30 joins a part for the downstream of the throttle valve 23 of an inlet pipe 20. The purge 
path 30 is a path which makes predetermined air flow into an engine 2, without minding a throttle valve 23, and 
it connects with a charcoal canister (with no graphic display), and it introduces the evaporative gas from a 
charcoal canister into the inhalation-of-air system of an engine 2. For this reason, the air content inhaled to an 
engine 2 serves as the sum of the air content which passes the slot bulb 23, and the air content introduced into 
an inlet pipe 20 through the purge path 30. 

[0022] Next, actuation of the inhalation air content calculation equipment concerning this operation gestalt is 
explained. 

[0023] Drawing 2 is a flow chart which shows actuation of inhalation air content calculation equipment. 
[0024] Step SIO (it is only hereafter indicated as "SIO".) of this Fig. Suppose that it is the same about other 
steps. Reading of the throttle opening TA, engine-speed NE, valve timing VT, and an air flow rate QA is 
performed. 

[0025] Reading of the throttle opening TA is performed based on the output signal of a throttle position sensor 
24. Reading of an engine speed NE is performed based on the output signal of the crank position sensor 12. 
Reading of valve timing VT is performed based on the output signal of the detection sensor 7. Reading of an air 
flow rate QA is performed based on the output signal of an air flow meter 25. 

[0026] And it shifts to S12 and the operation of purge flow Q P which flows into an inlet pipe 20 through the 
purge path 30 is performed. The operation of purge flow Q P is performed by presuming based on the output 
signal of the air-fiiel ratio sensor which is not illustrated or 02 sensor. And it shifts to 814 and the operation of 
the intake pressure (pressure-of-induction-pipe force) which is the pressure of an inlet pipe 20 is performed. 
[0027] One gestalt of an operation block of an intake pressure is shown in drawing 3 . As shown in this Fig., the 
throttle opening TA 0, engine-speed NE, and valve timing VT are outputted to the TA model (throttle-air 
model) 52 from the electronic throttle model 5 1 . It is the value which the throttle opening TA 0 is a throttle 
opening after [ current to ] predetermined time progress, and is presumed here based on the current throttle 
opening TA etc. 

[0028] Moreover, the inlet-pipe prediction pressure PO outputted from the inlet-pipe model 53 is inputted into 
the TA model 52. The TA model 52 computes the air flow rate QA 0 which passes a throttle valve based on the 
throttle opening TA 0, engine-speed NE, valve timing VT, and the inlet-pipe prediction pressure PO. And the air 
flow rate QA 0 outputted from the TA model 52 is added with purge flow Q P, and is inputted into the inlet- 
pipe model 53. 

[0029] The inlet- valve model 54 is set to the inlet-pipe model 53, and the inlet-pipe prediction pressure PO after 
predetermined time progress is computed from current by inputting the flowing air content (QAO, QP) based on 
a law of mass conservation and the law of conservation of energy. The inlet-pipe prediction pressure PO is a 
pressure which predicted the pressure-of-induction-pipe force at the time of the clausilium of an inlet valve 3. 
[0030] On the other hand, the throttle opening TA, engine-speed NE, and valve timing VT are inputted into the 
TA model 62. The TA model 53 is set up on the same conditions as the TA model 52 mentioned above. 
[0031] Moreover, the current pressure-of-induction-pipe force PI outputted from the inlet-pipe model 63 is 
inputted into the TA model 62. In the TA model 62, the current air flow rate QA 1 which passes a throttle valve 
is computed based on the throttle opening TA, engine-speed NE, valve timing VT, and the pressure-of- 
induction-pipe force PI. And the air flow rate QA 1 outputted from the TA model 62 is added with pxirge flow 
Q P, and is inputted into the inlet-pipe model 63. 

[0032] The inlet- valve model 64 is set to the inlet-pipe model 63, and the current pressure-of-induction-pipe 
force PI is computed by inputting the flowing air content (QAl , QP) based on a gaseous equation of state (P- 
V=m-R-T). In addition, the inlet-pipe model 63 is set up on the same conditions as the inlet-pipe model 53 
mentioned above. 
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[0033] The air flow rate QA 1 outputted from the TA model 62 is inputted into the AFM model (air flow meter 
model) 71 . The AFM model 71 inputs the current air flow rate QA 1 , and outputs the air flow rate QA 2 which 
took into consideration the detection delay of an air flow meter 25 to the air flow rate QA 1 , That is, an air flow 
rate QA 2 serves as a value which has a time lag to an air flow rate QA 1 . 

[0034] And an air flow rate QA 2 is inputted into the inlet-pipe model 73. The inlet- valve model 74 is set to the 
inlet-pipe model 73, and the pressure-of-induction-pipe force P2 including a time lag is computed by inputting 
the flowing air content (QA2) based on a gaseous equation of state (P-V=m-R-T). In addition, the inlet-pipe 
model 73 is set up on the same conditions as the inlet-pipe models 63 and 53 mentioned above. 
[0035] On the other hand, the air flow rate QA which is the output of an air flow meter 25 is inputted into the 
inlet-pipe model 83. The inlet-valve model 84 is set to the inlet-pipe model 83, and the pressure-of-induction- 
pipe force P3 which included the time lag by the input of the flowing air flow rate (QA) based on the gaseous 
equation of state (P-V=m-R-T) is computed. In addition, the inlet-pipe model 83 is set up on the same 
conditions as the inlet-pipe models 73, 63, and 53 mentioned above. 

[0036] what includes a time lag like the pressure-of-induction-pipe force P2 in which the pressure-of-induction- 
pipe force P3 outputted from the inlet-pipe model 83 is outputted from the inlet-pipe model 73 — it is — the 
pressure-of-induction-pipe force P2 ~ said — ****. 

[0037] And the pressure-of-induction-pipe force PO outputted from the inlet-pipe model 53 is added to the 
pressure-of-induction-pipe force P3 outputted from the inlet-pipe model 83, the pressure-of-induction-pipe force 
P2 outputted from the inlet-pipe model 73 is subtracted, and the pressure measuring force P is computed 
beforehand. This prediction pressure P is the pressure which amended the difference of the pressure-of- 
induction-pipe force P3 calculated based on the output QA of an air flow meter 25, and the actual pressure-of- 
induction-pipe force according to the pressure-of-induction-pipe force PO and PI which considered purge flow 
QP. 

[0038] And it shifts to SI 6 of drawing 2 , and it is based on the prediction pressure P computed by SI 4, and the 
operation of the inhalation air content per unit time amount at the time of inlet-valve 3 clausilium is performed. 
The operation of this inhalation air content is performed to ECU6 using a map, operation expression, etc. which 
were set up beforehEind. 

[0039] As mentioned above, according to the inhalation air content calculation equipment conceming this 
operation gestalt, an inhalation air content is computed by considering the inhalation air which does not pass a 
throttle valve 23 but flows into an engine 2 through the purge path 30. For this reason, even when there is 
inhalation air which flows into an engine 2, without passing a throttle valve 23, an inhalation air content can 
compute to accuracy. 

[0040] Moreover, the ** which does not add purge flow Q P without the output QA and response delay of the 
air flow meter 25 with response delay directly. By computing the pressure-of-induction-pipe force P0-P4 by 
using the air flow meter output QA and purge flow Q P according to an individual, and computing an inhalation 
air content or the pressure-of-induction-pipe force based on each pressure-of-induction-pipe force An inhalation 
air content or the pressure-of-induction-pipe force can be computed to accuracy, without including the error 
based on the mismatching of the air flow meter output QA with response delay, and purge flow Q P without 
response delay. 

[0041] (The second operation gestalt) The inhalation air content calculation equipment applied to the second 
operation gestalt next is explained. 

[0042] Although the inhalation air content calculation equipment conceming this operation gestalt has the 
almost same configuration as the inhalation air content calculation equipment conceming the first operation 
gestalt, it differs at the point applied when the upper part 31 of the purge path 30 is open for free passage in the 
throttle upstream location of an inlet pipe 20, as shown in drawing 4 . The sign 32 in drawing 4 is a charcoal 
canister. 

[0043] One gestalt of an operation block of the intake pressure in the inhalation air content calculation 
equipment applied to this operation gestalt at drawing 5 is shown. As shown in this Fig., although the intake- 
pressure operation block in the inhalation air content calculation equipment conceming this operation gestalt 
has the almost same configuration as the intake-pressure operation block of the first operation gestalt shown in 
drawing 3 , they differ in that the air flow rate QA 1 which the air flow rate inputted into the AFM model 71 
calculated with purge flow Q P and the TA model 62 is added. 
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[0044] Thus, by constituting an inhalation-of-air operation block, the calculation of an exact inhalation air 
content according to the configuration of the purge path 30 shown in drawing 4 is possible. Moreover, since an 
inhalation air content is computed by considering the inhalation air which does not pass a throttle valve 23 but 
flows into an engine 2 through the purge path 30 like the inhalation air content calculation equipment 
concerning the first operation gestalt even if it is in the inhalation air content calculation equipment concerning 
this operation gestalt, even when the inhalation air which flows into an engine 2, without passing a throttle 
valve 23 is, an inhalation air content can compute to accuracy. 

[0045] Moreover, reduction of the calculation error by the difference of time response can be aimed at by 
computing the pressure-of-induction-pipe force PO and PI by adding the air flow rate QA 0 after the 
predetermined time acquired by the operation and the current air flow rate QA 1 , and purge flow Q P, without 
adding purge flow Q P without the output QA and response delay of the air flow meter 25 with response delay 
directly. 

[0046] (The third operation gestalt) The inhalation air content calculation equipment applied to the third 

operation gestalt next is explained. 

[0047] The inhalation air content calculation equipment concerning this operation gestalt is applied when 
computing the inhalation air content inhaled by the engine 2 which formed EGR (Exhaust Gas Recirculation) 
equipment. 

[0048] In this case, as shown in drawing 6 , the exhaust gas recirculation path 35 will be connected in the 
middle of an inlet pipe 20, and the air which does not pass a throttle valve 23 like the purge path 30 mentioned 
above will be inhaled by the engine 2. For this reason, it becomes computable [ an exact inhalation air content ] 
like the inhalation air content calculation equipment conceming the first operation gestalt by computing an 
inhalation air content by transposing the above-mentioned purge flow Q A to the inflow of exhaust gas. 
[0049] In addition, if the inhalation air content calculation equipment conceming this invention is the case 
where the air which flows into an inlet pipe 20, without passing a throttle valve 23 exists, when EGR equipment 
is formed as mentioned above, in a purge, it is not restricted like the first operation gestalt, but, in the case of 
others, can also be applied. 

[0050] (The fourth operation gestalt) The intake-pressure calculation equipment applied to the operation gestalt 
of this invention next is explained, 

[0051] Although the third operation gestalt explained inhalation air content calculation equipment from the first 
operation gestalt, in these inhalation air content calculation equipments, it is good also as intake-pressure 
calculation equipment which performs processing to the intake-pressure operation of S 14 of drawing 2 by 
ECU6. If an inhalation air content is calculated based on the intake pressure calculated with intake-pressure 
calculation equipment even if it is this case, the same operation effectiveness as the inhalation air content 
calculation equipment fi-om the first operation gestalt to the third operation gestalt will be acquired. 
[0052] 

[Effect of the Invention] As explained above, in order to compute inhalation air contents including the 
unification air which does not pass a throttle valve but flows into an intemal combustion engine through a purge 
path etc. according to this invention, even when there is inhalation air which flows into an intemal combustion 
engine, without passing a throttle valve, an inhalation air content or the pressure-of-induction-pipe force can 
compute to accuracy. 

[0053] Moreover, the ** which does not add an air flow meter output with response delay, a purge flow rate 
without response delay, etc. directly. By computing the pressure-of-induction-pipe force by using an air flow 
meter output, a purge flow rate, etc. according to an individual, and computing an inhalation air content or the 
pressure-of-induction-pipe force based on each pressure-of-induction-pipe force An inhalation air content or the 
pressure-of-induction-pipe force can be computed to accuracy, without including the error based on the 
mismatching of an air flow meter output with response delay, a purge flow rate without response delay, etc. 
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30 ^ttSo w0^aiJJE;^PIl, v^iiSftQPSr^JP^Ufc 
KaffJE;^P0, P1(CJ:I9. :3iT>^n — ^^^2 50 
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[0 0 4 0] ^/c. jj:^Sno*>S:3^T:7D— ^— 2 
5 (0^tiQAt^t>^^Mt^(Dfl\i^y<—\ym.&Q P ^S^g^D 

^mm\:Lm\i^x^RmMmtiP O'-p A^nmx.. 
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5 (OttJ;':7Q A ^J^:^il;f^o^fcu^^^•— v?a£:&Q p ^m.W:^ 

A 0Stm«EOS«SKfiQA 1 i:>'<— e^atSQ P Sr^taSt 
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^i^v 2 JcKAStx5KA^SS«rSCl±Si-5^&-g^f::®ffl 

(0 0 4 81 co^^. Ill6tc^i-J:5(-. K^l=2 0 
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